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Abstract 
Siemens VAI Metal Technologies is looking to reduce costs and increase throughput of the Roll 
Housing manufacturing process. After analyzing the current state of the production system, our 
team identified two areas to help achieve this objective. Existing inventory management 
policies were evaluated and strategies were proposed to reduce holding costs and delivery lead 
times. Secondly, a value stream map was created to pinpoint further areas of improvement. 
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1 Introduction  
The metallurgical industry has become a very competitive marketplace over the years. Companies are 
constantly striving to improve the efficiency of production, increase output, and reduce scrap waste. The 
United States produced 13.52 million metric tons in 2014, giving it a ranking of 4th for global steel 
production (behind China, Japan, and India respectively) (World Steel Association, 2015). Nonetheless, 
this serves to show that the steel industry is a promising market to be involved in. Siemens VAI Metal 
Technologies (SMT), is a division of Siemens AG that focuses on iron and steel making, casting, and 
rolling. One of Siemens VAI’s signature products in the hot rolling sector is the Morgan Vee No-Twist 
Mill. This mill is able to process steel at a rate of up to 120 meters per second which translates to output 
greater than 150 tons per hour (Siemens VAI, 2015). According to the Siemens VAI website, the 
advantages of the Vee No-Twist mill are its increased productivity, flexibility, quality, and versatility. A 
crucial component of the Vee No-Twist mill is the Roll Housing, which served as the focus of this project. 
A photograph of the Morgan Vee No-Twist mill followed by a Roll Housing is shown in Figure 1.  
 
 
Figure 1: Vee No-Twist mill 
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1.1 Problem Statement  
In an effort to stay competitive in the ever-expanding metals secondary processing market, Siemens VAI 
Metal Technologies is constantly seeking ways to improve their production strategies. In order to reduce 
costs and increase throughput, Siemens enlisted the help of Worcester Polytechnic Institute in the form 
of a Major Qualifying Project (MQP). The proposed project charter for this MQP stated a 25% reduction 
in the lead time for the production of the Roll Housing. Primary analysis of their existing manufacturing 
process indicated that a reduction of about 150 hours in lead time would meet this goal. The team 
explored and identified methods to improve the production of the Roll Housing and reduce the lead 
time. Figure 2 depicts the structure of a sample Roll Housing Assembly along with the corresponding 
machining and procurement lead time information for various subassemblies.  
 
 
Figure 2: Roll Housing Lead Time Diagram 
 
1.2 Project Goals and Objectives  
The original purpose of this project was to reduce the overall lead time of the Roll Housing Assembly by 
25%. After researching and learning more about the Roll Housing Assembly, the scope of the project 
shifted. As a result, it was divided into two smaller projects, each with a specialized focus. 
[SECTION VOIDED] 
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The first project, focused in identifying lower-level process improvement activities in order to drive out 
waste in the production processes. After conducting walkthroughs and studying the process, it was 
discovered that the Housing component of the Roll Housing Assembly did not have a value stream map 
of its own. The team determined that a value stream map would have to be created for the Housing 
component in order to identify kaizen bursts for future improvements. The second project focused on 
evaluating the inventory management policies for the Roll Housing and identifying ways of reducing 
assembly lead-time. The sponsors identified inconsistencies in their inventory management practices 
and, as a result, the team determined that it would be beneficial to further investigate this area.  
1.3 Project Deliverables  
After conducting a thorough analysis of the Roll Housing process it was concluded that the following 
items would be delivered: 
1. Value Stream Map for the Housing subcomponent of the Roll Housing 
2. Suggestions to improve the inventory management policies of the Roll Housing.   
1.4 Project Scope  
The scope of the project was determined through the use of various analytical tools. As a starting basis, 
the team analyzed a dataset of all Roll Housing orders from the years 2010 to 2014.  
The team decided to create a Pareto Chart in order to pinpoint the Roll Housing types with the highest 
demand. This allowed the team to define the project scope. Through the application of the 80-20 Rule 
(also known as the Law of the Vital Few) and the assistance of the Siemens production team, 19 Roll 
Housing assemblies were identified for the overall project scope.  
The Value Stream Map team used these 19 assemblies to determine the workstations involved in the 
machining of the Housing. Due to a lack of SAP data, it was not possible to calculate for Setup, Run, and 
Queue times.  Therefore, the team modified the scope to 9 Roll Housing types that had significant SAP 
data. 
The inventory management team utilized the results from the Pareto chart to form the initial scope. It 
was decided that the 19 Roll Housing assemblies with the highest demand would be appropriate set to 
properly represent all Roll Housing product lines. From these 19 assemblies, the team was able to 
formulate a list of 565 unique part numbers that were deemed critical to the majority of Roll Housing 
value streams. These part numbers were obtained from the bills of material provided by the Siemens 
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production team. Additionally, the inventory management team obtained important part attribute 
information from Siemens' enterprise resource planning system. 
2 Background 
The following sections provide a brief description of the project sponsor Siemens/VAI Metal 
Technologies, company history, industry, and major product lines. For simplicity reasons, from this point 
forward the sponsor will be referred to as "Siemens" and not the full company name "Siemens/VAI 
Metal Technologies".  
2.1 Siemens/VAI Metal Technologies 
Siemens AG is a German international conglomerate that offers a wide variety of products and services 
for almost every industry. Ever since its founding in Berlin in 1847 by Werner von Siemens, Siemens has 
grown to be a global technological powerhouse. Siemens has roughly 343,000 employees worldwide, 
spanning across almost every country in the world. In the fiscal year of 2014, Siemens generated £78.5 
billion pounds in revenue with a net income of £5.5 billion pounds (Siemens AG, 2014). At the corporate 
level, Siemens is comprised of the following business units: Power and Gas, Wind Power and 
Renewables, Power Generation Services, Energy Management, Building Technologies, Mobility, Digital 
Factory, Process Industries and Drives, Healthcare, and Financial Services.  
Siemens/VAI Metal Technologies (SMT) is a vertically integrated business unit that and a global leader in 
the metallurgical industry. Siemens Metal Technologies offers both customized and industry-standard 
solutions that improve the efficiency of metallurgical production facilities all around the world. Some of 
these services include: plant construction, modernization of existing plants, and installation of 
integrated state-of-the-art production systems. The Siemens/VAI partnership was started in 1995 and is 
currently headquartered in Linz, Austria. Siemens/VAI’s customer base, roughly around 500 customers, 
accounts for 70 percent of global steel production (Siemens VAI, 2015).  
2.2 Morgan Construction Company 
The location for this project took place at the Siemens/VAI Metal Technologies facility located in 
Worcester, Massachusetts. Formerly known as Morgan Construction Company, this facility specializes in 
the production of high-quality rolling mills which includes rod, section, and wire rolling mills. This project 
focused specifically on the long rolling mills, a crucial component of the famous Morgan Vee No-Twist 
Mill. Morgan Construction Company was founded by Charles Hill Morgan (a WPI founder) in 1891 and 
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for more than a century was a worldwide leader in the production of high-quality, high-performing 
rolling mills. In 2008, Siemens/VAI acquired Morgan Construction Company, increasing its market share 
in the metal technologies industry (Siemens VAI, 2008).  
2.3 Roll Housing  
The Roll Housing, a critical element in the Vee No-Twist Mill, primarily serves the function of sizing the 
material (usually an alloy or steel) through the mill. Carbide rolls are mounted to the pinion shafts to roll 
the material to the specified size. Depending on the size and type of material the customer is producing, 
different size Roll Housings are available (i.e. 150mm, 230mm, 250mm, and 300mm). The purpose of 
using the Roll Housing is to stretch the material through tension and rolling with pressure in order to 
form a round (Continuous Improvement Lead, March 23, 2015).  
The Roll Housing is made up of numerous subcomponents. Each of these subcomponents are 
individually manufactured and then put together during assembly to make the Roll Housing. The 
majority of subcomponents are manufactured in-house, however there are some subcomponents which 
are subcontracted. Additionally, because each subcomponent is utilized during assembly, they all 
collectively contribute to the overall lead time of the Roll Housing. A Roll Housing Assembly is shown 
below in Figure 3.  
 
 
Figure 3: Roll Housing 
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 3 Housing 
The following sections provide information on the creation of the value stream map for the Housing 
subcomponent of the Roll Housing.    
3.1 Introduction to Housing 
The Housing, one of the numerous components of the Roll Housing, refers to the shell that hosts and 
protects the dynamic parts of a Morgan Vee No-Twist Mill. This Housing is also referred to as an UHD 
(Ultra Heavy-Duty) Housing. A photo depicting the Housing subcomponent is shown below in Figure 4. 
Housings are essential sub-elements of the Roll Housing Assembly, which are available in various sizes 
(ranging from 160 mm to 250 mm) and configurations (parallel arrangements of 4, 6, 8, or 10 UHD 
Housings). The Roll Housing Assembly’s main function is to roll the material (usually an alloy or steel 
material) to a pre-specified size. This function is performed by passing the material through carbide roll 
which are connected to pinion shafts, and all of which are physically supported by the UHD Housing.  
The Housing itself consists of two parts, a box and a front plate. Both the box and the face plate are 
machined separately and brought together in assembly to create the Housing subcomponent.  
 
Figure 4: Housing  
3.2 Problem Statement  
Siemens/VAI Metal Technologies produces the Morgan Vee No-Twist Mill, which serves the purpose of 
forcefully rolling steel and alloy materials into specified sizes in an automated fashion. The Roll 
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Housings, which are essential components of the mill, are produced in various sizes and configurations 
that align with the specific needs of each customer. As part of Siemens' ongoing effort to improve its 
manufacturing capabilities, the value stream project team was brought in to analyze the manufacturing 
process of the UHD (Ultra Heavy-Duty) Housing. This analysis would help reduce the overall production 
lead time of the Roll Housing. When conducting the primary research of the Housing production 
process, the team recognized a lack of formal documentation.  
3.3 Rationale 
After analyzing the overall value stream of the Roll Housing Assembly, the team and Siemens 
determined that there were two viable methods for achieving the 25% lead time reduction goal. The 
first method, explored in this section, comprised of conducting lower-level process improvement 
activities in order to drive out waste in production processes. By analyzing individual lead times of all 
major Roll Housing components, it was concluded that the Housing component played a significant role 
in the overall lead time of the Roll Housing. As a result, it was determined that a value stream map 
should be created for the Housing component of the Roll Housing. Developing a value stream map 
would allow the team to document and analyze the high level process of the Housing component. 
Furthermore, it would allow the team to identify areas of improvement and further explore lead time 
reduction initiatives. While time restrictions would not allow the team to implement physical changes to 
the process, the value stream map would serve as a useful tool in helping reduce the lead time of the 
manufacturing process of the UHD Housing. 
3.4 Methodology  
Figure 5 illustrates a summary of the methodology used to design the value stream map of the Housing 
and ultimately reduce the lead time of the Roll Housing. Each will be discussed in detail below. 
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Figure 5: Housing Methodology 
3.4.1 Gain In-Depth Understanding of Housing Process 
Gaining an in-depth understanding of the Housing process was essential to identifying areas of 
improvement for the reduction of the Roll Housing lead time. To learn more about the Housing process, 
several "gemba walks" (walkthroughs) were conducted. These walkthroughs consisted of the following: 
• Informally interviewing production supervisors, machine operators, and key stakeholders  
• Identifying internal workstations and machines involved in the manufacturing of the Housing  
• Using existing routings as reference to assure consistency of the process 
Additionally, a process map was created to encompass the steps involved in making a Housing. This task 
was of significant importance as it outlined the general manufacturing process of a Housing. The 
Housing in highest demand, LRM: 10316653, was used to create the process.  
3.4.2 Identify Parts in Scope by Analyzing Current Demand of the Roll Housing 
To further understand the implication of demand and identify Roll Housing products of interest, a Pareto 
chart was created (Appendix A). The process of creating a Pareto chart was initiated by requesting the 
demand history for all Roll Housing assemblies over the past four years. Once the data was obtained, it 
was manipulated to identify the Roll Housing part numbers responsible for 20 percent of total order 
volume.   
The first step in creating the Pareto Chart was to sort the data into subgroups by their LRM (part 
number) description. This was completed by utilizing a filter command. Once the data was grouped by 
description, a table was created with four columns titled: Description, Total Count, Cumulative Count, 
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and Cumulative Percent. The Description column consisted of each of the unique Roll Housing 
descriptions found when sorted into subgroups. It was found that there were 28 unique types of Roll 
Housings represented in the data. To create the Total Count column, a “SUM” function was utilized for 
each different description. This totaled the number of each Roll Housing type ordered in the 
represented time period. Having the individual demand for each unique Roll Housing, a Cumulative 
Count column was created. Once again, a “SUM” function was utilized to sum the demand for all 
descriptions up to the respective row in the table. The formula: ∑ ′𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇′nn−sub−1  was placed in 
each cell to find the Cumulative Count relative to each Description in the table. Additionally, the last cell 
of the Cumulative Count column was compared to the calculated sum of the Total Count column in 
order to assure that the values were equal. Thereafter, a column was created and titled Cumulative 
Percent. To create the Cumulative Percent column, the formula: ∑ ((′𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇′ − 𝑠𝑠𝐶𝐶𝑠𝑠 −nn−sub−1
𝐶𝐶)/∑ ′𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐶𝐶𝑇𝑇𝐶𝐶𝐶𝐶𝑇𝑇′) was placed in the corresponding cell of each Roll Housing Description. The final 
step of the data manipulation phase was to sort the Total Count column in descending order.   
To further analyze the implications of this newly manipulated data, a combination bar-line graph was 
created. The first step in the creation of this graphic was to plot the Total Count Column data along the 
primary-vertical axis. The range was 0-220 orders, had intervals of twenty, and was represented by bars 
in the plot area. The next step was to plot the Cumulative Percent column data along the secondary-
vertical axis. The range of this data was 0%-100%, had intervals of ten-percent, and was represented by 
a line-with-markers in the plot area. The final step in the creation of this graph was to plot the 28 Roll 
Housing descriptions along the horizontal axis.  
After creating the graph, the next step consisted of analyzing both the table and chart in order to 
determine the scope for the remainder of the project. The most effective way to determine the scope 
was to apply the Pareto principle, also known as the "80-20 Rule". This statistical law states that about 
twenty-percent of the population will be responsible for roughly eighty-percent of the problem (Jacobs, 
Chase, 2013). When applied to the Pareto chart, the team realized that the 230 UHD Roll Housing 
Assembly   was responsible for about eighty percent of Roll Housing demand and accounted for almost 
thirty-percent of the total orders. Based on this analysis, the team concluded that the 230 UHD Roll 
Housing Assembly should be the main area of focus.   
Table 1 summarizes the list of parts that were originally identified by Siemens to be used for the value 
stream map based on the Pareto analysis. 
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Due to a lack of substantial data in the SAP system, the original list of parts identified by Siemens 
changed. The change took place as a result of not having sufficient data to calculate for queue time. 
Therefore, the scope of parts to be used in the value stream map was restricted to the 150 and 230 Roll 
Housings.  
It was decided that the scope should be extended to the six Roll Housing assemblies with the highest 
Total Counts. These Roll Housings were the: 230 UHD ROLL HOUSING ASSEMBLY  , 8 IN ROLL & PINION 
HOUSING – H.S. , 150MM ROLL HSG – EXIT (SIZING), 150MM ROLL HSG – ENTRY (SIZING), 250 – ROLL 
HOUSING ASSEMBLY  , and 160 U.H.D. ROLL HOUSING.  These six Roll Housing Assemblies account for 
roughly seventy-two percent of the total orders. 
Table 2, below, contains the final list of parts that were identified by Siemens to be used for the value 
stream map. Figure 6 showcases the final scope of parts to be used in the value stream map, by 
subcomponent: Housing, front plate, machining, and subcontract. 
Material Description Machining Assembly Roll Housing Front Plate 
LRM:10316653 230 UHD ROLL HOUSING ASSEMBLY 10290451 10351979 10351978 
LRM:10510771 8 IN ROLL & PINION HOUSING - H.S. 10297919 10297265 10297581 
LRM:10361305 230 - UHD ROLL HOUSING- ASSEMBLY 10360689 10360453 10351978 
LRM:10360050 150MM ROLL HSG - EXIT (SIZING) 10322827 10500720 N/A 
LRM:10360049 150MM ROLL HSG - ENTRY (SIZING) 10322827 10500720 N/A 
LRM:10411929 160 U.H.D. ROLL HOUSING 10075533 10352312 10075534 
LRM:10411928 230 U.H.D ROLL HOUSING 10075535 10351979 10075536 
LRM:10316654 160 UHD ROLL HOUSING ASSEMBLY 10316655 10352312 10352311 
LRM:10390571 250 - ROLL HOUSING ASSEMBLY 10308111 10304901 10308113 
LRM:10521581 12" UNIVERSAL HOUSING ASSEMBLY 10520425 10302048 10520396 
LRM:10519301 8 IN ROLL & PINION HOUSING - H.S. 10297919 10297265 10297581 
LRM:10201110 230 U.H.D. ROLL HOUSING 10075535 10351979 10075536 
LRM:10379936 230 - UHD ROLL HOUSING ASSEMBLY 10290451 10351979 10351978 
LRM:10374274 250 - ROLL HOUSING ASSEMBLY 10311836 10304901 10311837 
LRM:10553685 150MM ROLL HSG - ENTRY (SIZING) 10553631 10500720 N/A 
LRM:10504630 150MM ROLL HSG - ENTRY (SIZING) 10553631 10500720 N/A 
LRM:10553686 150MM ROLL HSG - EXIT (SIZING) 10553631 10500720 N/A 
LRM:10504629 150MM ROLL HSG - EXIT (SIZING) 10553631 10500720 N/A 
LRM:10526009 250 - ROLL HOUSING ASSEMBLY 10397192 10397193 10389128 
Table 1: Original Parts 
[SECTION VOIDED] 
[SECTION VOIDED] 
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Part # Description Housing 
Partial 
Machining 
Housing 
LRM:10360049 150MM ROLL HSG - ENTRY (SIZING) 10322827 10500720 - 
LRM:10553685 150MM ROLL HSG - ENTRY (SIZING) 10553631 10500720 - 
LRM:10504630 150MM ROLL HSG - ENTRY (SIZING) 10553631 10500720 - 
LRM:10360050 150MM ROLL HSG - EXIT (SIZING) 10322827 10500720 - 
LRM:10553686 150MM ROLL HSG - EXIT (SIZING) 10553631 10500720 - 
LRM:10504629 150MM ROLL HSG - EXIT (SIZING) 10553631 10500720 - 
LRM:10379936 230 - UHD ROLL HOUSING ASSEMBLY 10290451 - 10351979 
LRM:10361305 230 - UHD ROLL HOUSING- ASSEMBLY 10360689 10360453  
LRM:10411928 230 U.H.D ROLL HOUSING 10075535 - 10351979 
LRM:10201110 230 U.H.D. ROLL HOUSING 10075535 - 10351979 
LRM:10316653 230 UHD ROLL HOUSING ASSEMBLY 10290451 - 10351979 
 
Table 2: New Identified Parts 
 
Figure 6: Parts In-Scope Diagram 
 
3.4.3 Build a Value Stream Map of the Housing process to analyze current state  
3.4.3.1 Process Map 
The following steps were taken to design a value stream map for the Housing process. To start out, a 
new process map was created to encompass all of the identified parts in scope. The process map 
incorporated all the possible routings into a single map that displayed physical manufacturing variations 
of the Roll Housing. The following process map displays the variations of the Housing along with its 
subcomponents (front plate, box, and assembly) for the identified parts in scope.   
[S CTION VOIDED] 
[SECTION VOIDED] 
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 The process map was created by referencing the routings of all of the parts in scope. The routings were 
obtained from SAP and given to the team by the Siemens production team. The routings for all parts in 
scope can be found in Appendix B.  
After examining the process map in more detail and further discussing a plan to calculate for queue, run, 
and setup time, the map had to be altered. As previously mentioned, the team experience a lack of 
substantial queue time data from SAP. As a result, a greater number of parts had to be taken into 
consideration. The process map had to be redesigned in order to accurately reflect how many 
items/orders flowed into the different workstations in scope. The team had to use a special format for 
the map that only depicted each work center only one time. This allowed to identify potential areas of 
improvement as it conceptually illustrates how busy each individual workstation is. Below are each of 
the respective process maps with non-repeating workstations that were used to create the value stream 
map.  
3.4.3.2 Data Analysis 
In order to calculate the metrics needed for the value stream maps, the following procedure was used. 
Using the identified parts, a workbook was created with the data for every order that utilized the 
workstations within scope. This workbook contained 21 columns of information for each order. It was 
determined that only 13 specific columns out of the 21 provided were necessary to perform the data 
manipulation. Thus, the workbook was prepped for further manipulation by first hiding all unnecessary 
columns. Four user-defined columns were then added to the workbook. These columns were titled: 
Setup, Run, Queue, and Color. The final step in the preparation of the workbook was to add filters to 
each column. Having completed these steps, the workbook was ready to calculate averages for Setup 
Time, Run Time, and Queue Time for each workstation within the project scope. 
The next step in manipulating the data was to filter the columns so that they only contained relevant 
information that could be later selected as data points to be used for calculated averages. The Actual 
Start and Actual Finish columns were filtered to contain only data from the year 2013. The Yield column 
was filtered to exclude rows of data containing a value of “0” in that column. The Workstation column 
was filtered to contain only the rows of data pertaining to the workstation being analyzed at the 
moment. At this point, the user-defined Setup, Run, and Queue columns were calculated.  The formulas 
in Table 3 were utilized in the calculation of these metrics for each row of data.  
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Formula Name  Equation  
𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒄𝒄𝒄𝒄𝒄𝒄𝑺𝑺𝒄𝒄𝒄𝒄 (𝐴𝐴𝐴𝐴𝑇𝑇𝐶𝐶𝑇𝑇𝑇𝑇 𝑆𝑆𝑆𝑆𝑇𝑇𝐶𝐶𝑆𝑆) 
𝑹𝑹𝑺𝑺𝒄𝒄 𝒄𝒄𝒄𝒄𝒄𝒄𝑺𝑺𝒄𝒄𝒄𝒄 (𝐴𝐴𝐴𝐴𝑇𝑇𝐶𝐶𝑇𝑇𝑇𝑇 𝑅𝑅𝐶𝐶𝐶𝐶) / (𝑌𝑌𝑌𝑌𝑆𝑆𝑇𝑇𝑌𝑌) 
𝑸𝑸𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒄𝒄𝒄𝒄𝒄𝒄𝑺𝑺𝒄𝒄𝒄𝒄 (𝐴𝐴𝐴𝐴𝑇𝑇𝐶𝐶𝑇𝑇𝑇𝑇 𝑆𝑆𝑇𝑇𝑇𝑇𝑆𝑆𝑇𝑇)𝐶𝐶 – (𝐴𝐴𝐴𝐴𝑇𝑇𝐶𝐶𝑇𝑇𝑇𝑇 𝐹𝐹𝑌𝑌𝐶𝐶𝑌𝑌𝑠𝑠ℎ)𝐶𝐶 − 1 
 
Table 3: Data Analysis Formulas 
 
Having calculated these three metrics for every row of data, the sample population needed was 
determined. The statistically significant size of the sample size was calculated by utilizing the following 
formula: 
𝐶𝐶 =  (𝑆𝑆 − ℎ𝑇𝑇𝑇𝑇 ∗  (1 –  𝑆𝑆 − ℎ𝑇𝑇𝑇𝑇)) / ((𝑀𝑀𝑀𝑀 / 𝑧𝑧) ^2)     EQ (1) 
𝑊𝑊ℎ𝑆𝑆𝑆𝑆𝑆𝑆: 𝐶𝐶 =  𝑠𝑠𝑇𝑇𝑠𝑠𝑆𝑆𝑇𝑇𝑆𝑆 𝑠𝑠𝑌𝑌𝑧𝑧𝑆𝑆, 𝑆𝑆 − ℎ𝑇𝑇𝑇𝑇 =  𝑆𝑆𝑠𝑠𝑇𝑇𝑌𝑌𝑠𝑠𝑇𝑇𝑇𝑇𝑌𝑌𝑇𝑇𝐶𝐶 𝑇𝑇𝑜𝑜 𝑆𝑆 − 𝑣𝑣𝑇𝑇𝑇𝑇𝐶𝐶𝑆𝑆,𝑀𝑀𝑀𝑀 =  𝑠𝑠𝑇𝑇𝑆𝑆𝑚𝑚𝑌𝑌𝐶𝐶 𝑇𝑇𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆𝑇𝑇𝑆𝑆, 𝑧𝑧 =  𝑧𝑧 − 𝑠𝑠𝐴𝐴𝑇𝑇𝑆𝑆𝑆𝑆 
Using this formula, it was determined that for a 90% confidence interval with, an 8% margin of error, 
and an estimated p-value of 0.4, a sample size of at least 101 points was necessary to make the data 
statistically significant. Highlighted rows were then selected to be part of the sample population if they 
met the following requirements: 1) calculated queue time was non-negative, 2) the data point was not 
the beginning process of an order, and 3) it was not a high outlier (greater than 40,000). Once 
determined to join the sample population, a color was assigned to the cell and highlighted.   
The last step before calculating the metric averages was to execute a final filter. The Color column was 
filtered by the color representative of a data point that had been chosen to be in the sample population. 
Next, the metric averages were calculated. An average of the sample data points was calculated for each 
of the metrics: Setup Time, Run Time, and Queue Time. This finalized data was then placed in its own 
worksheet, renamed "Workstation Name (Number of Data Points)", and had highlights removed. These 
steps were repeated for each workstation under scope. A worksheet was created that contained the 
final metric averages for each workstation. The data in this worksheet was used to populate the final 
value stream map deliverables. It is important to note that the averages for workstation "Q34F" are 
always represented in red because there were not 101 suitable data points. This meant that those 
averages were not necessarily statistically significant. All other averages could be considered statistically 
significant, and further utilized in the analysis of the Roll Housing manufacturing processes.   
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3.4.3.3 Value Stream Map  
To build the value stream map for the Housing process, the following steps were taken. Firstly, all 
process maps were converted to value stream notation. Subsequently, each respective workstation was 
labeled with its name, number of workers, setup, run, queue time, and represented by a process box. 
Material and information flow lines were then added to specify the flow of material in the value stream 
map. This was done by examining the material movement of the Housing process. After this, an 
information flow diagram was drawn. The information flow outlines the major communications which 
influence the forecasting, planning, and order fulfillment of the Housing process. More specifically, the 
diagram outlines the information flow from sales to production control and from store to customer. The 
info needed to create the information flow was obtained by the head scheduler in charge of the Housing 
production.   
Following, the total run and queue times for each of the parts in scope were calculated. This was done 
with the purpose of identifying the worst case scenario and representing it in timeline of the value 
stream map. This procedure was needed in order to capture the LRM with the longest run and queue 
times and be able to differentiate it from the other parts in scope. After choosing the LRM with the 
highest queue time, each respective workstation was then populated with its corresponding run and 
queue in the timeline. If the new chosen LRM did not utilize a workstation from the value stream map, 
“N/A” was written to denote not-applicable under the worst case scenario. Lastly, the total run and 
queue times for the worst case scenario were placed into the value stream map.  
A comment box was then added to the value stream map to state the Takt time associated with the 
making of the Housing process. Assumptions in Table 4 were taken into consideration when calculating 
for Takt time: 
 
Assumptions 
246 Working days per year 
7 Hours per shift 
86 Small Roll Housing used for demand 
 
Table 4: Takt Time Assumptions 
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To compute for Takt time, Equations 2 and 3 were used in sequence: (𝑊𝑊𝑇𝑇𝑆𝑆𝑊𝑊𝑌𝑌𝐶𝐶𝑚𝑚 𝐷𝐷𝑇𝑇𝐷𝐷𝑠𝑠 𝑃𝑃𝑆𝑆𝑆𝑆 𝑌𝑌𝑆𝑆𝑇𝑇𝑆𝑆) ∗ ( 𝐻𝐻𝑇𝑇𝐶𝐶𝑆𝑆𝑠𝑠 𝑃𝑃𝑆𝑆𝑆𝑆 𝑆𝑆ℎ𝑌𝑌𝑜𝑜𝑇𝑇) = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐻𝐻𝑇𝑇𝐶𝐶𝑆𝑆𝑠𝑠    EQ (2) (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐻𝐻𝑇𝑇𝐶𝐶𝑆𝑆𝑠𝑠) / (# 𝑃𝑃𝑌𝑌𝑆𝑆𝐴𝐴𝑆𝑆𝑠𝑠) = 𝑇𝑇𝑇𝑇𝑊𝑊𝑇𝑇 𝑇𝑇𝑌𝑌𝑠𝑠𝑆𝑆     EQ (3) 
Equation 2 calculates the total hours available by multiplying working days per year and hours per daily 
shift. Equation 3 calculates Takt time by dividing total hours available by the number of pieces needed to 
make. This procedure was used to create each respective values stream map for the box, front plate, 
and assembly.  
3.4.4 Analyze Results from Value Stream Map and Provide Recommendations  
The final step in creating the value stream maps was to add kaizen bursts. Various kaizen bursts were 
strategically placed in the maps to highlight potential areas of improvement. These kaizen bursts ranged 
from simply pointing out problem areas to providing specific actions items in order to improve the 
process and ultimately help reduce the lead time. Some of the simple bursts included: “Long Lead Time”, 
“High Queue”, and a combination of “High Queue, Low Run”. The purpose of these bursts was to simply 
draw the attention of the viewer towards potential high-level areas of improvement.  These bursts 
require a kaizen event in order to further analyze the source of these problems and identify prospective 
methods towards resolving them.  
In addition to this, other kaizen bursts contained slightly more detailed explanations for potential 
improvement opportunities and how to address the problem. For example, one of these kaizen bursts 
was “Check into Running Processes in Sequence”. This burst suggested the possibility of running 
sequences that took place at the same workstation in sequence, in order to eliminate additional and 
unnecessary queue and setup times. Further examination of the process would be required in order to 
assess the feasibility of such a change. The kaizen burst highlighted this possibility as well as a potential 
location for its implementation. Secondary examples of these kaizen bursts included: “Check into 
Variation in Cycle Time of Orders”, “Check Setup/Run Logging Practices”, and “Work with Plating Vendor 
to Reduce Lead Time”. These kaizen bursts could be addressed in a similar approach to the high level 
bursts, but also provide a more specific approach to reduce the lead time of the Housing process.  
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3.5 Results   
The value stream maps created for the Housing component: Front Plate, Box, and Assembly, can be 
found in Appendix D. Each value stream map contains an information flow diagram, material flow 
process, worst case scenario timeline, Takt time box, and kaizen bursts.   
3.6 Housing Conclusion  
The results obtained from developing a value stream map for each subcomponent of the Housing 
indicate that there are several improvements that can be implemented to reduce the lead time of the 
Roll Housing Assembly. These improvements have been identified by kaizen bursts which pinpoint to 
lower-level process improvement activities that can potentially drive out waste in the production 
processes of the Housing. Each kaizen burst highlights and provides specific actions items that can 
significantly reduce the lead time of the Housing component. Yet, it is recommended that each kaizen 
burst is further explored by all parties involved in the manufacturing of the Housing to assure for an 
effective implementation. Furthermore, the development of a value stream map has helped 
Siemens/VAI Metal Technologies document and analyze the high level process involved in the 
manufacturing of the Housing, as there was no existing value stream available. The created value stream 
for the Housing component can be used as a reference point to further analyze non-value added 
reduction initiatives and ultimately help reduce the lead time of the Roll Housing. 
4 Inventory Management 
The following sections provide information on the inventory management aspect of this project. From 
this point onward, all the following material in this section will be in reference to the inventory 
management project  
4.1 Introduction to Inventory Management 
Inventory is one of the eight identified wastes in the lean philosophy (Liner, 2014). Unused or 
unnecessary inventory not only takes up physical space but also ties up cash flow in the supply chain. 
Determining how much inventory to keep, if any at all, is an ongoing activity that has been addressed by 
many different companies for many years. Inventory management is a crucial aspect of operations 
management. In order to achieve a truly lean state, there must be minimal levels of inventory. At the 
same time however, there must also be a balance to prevent against stock outs occurring. Predicting 
future demand can be difficult, and as a result, forecasts are never one-hundred percent accurate. Due 
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to the inaccuracy of forecasts, companies accumulate inventory in order to counter against variability in 
customer demand. Having inventory readily available cuts down on production and delivery lead-time, 
allowing companies to service their customers faster.  
Inventory management deals with the monitoring of current inventory (both raw materials and finished 
goods) as well as the strategic planning of purchasing, production, and replenishment. The two main 
types of inventory management strategies are materials requirements planning (MRP) and Just-In-Time 
(JIT) production (Chase, 2013). JIT involves utilizing a purchasing plan that will deliver raw materials just 
as they are needed to begin production. Material requirements planning is driven by sales forecasts. 
Orders for raw materials are scheduled based upon the forecasted demand and quantities are driven 
through the bill of materials (BOM). Both strategies have their benefits as well as their shortcomings, 
which is why some companies utilize a combination of both methods. (Jacobs, Chase, 2013). The goals 
for this project were to reduce carrying costs and improve cash flow by helping define inventory 
management policies.      
4.2 Problem Statement 
Successful inventory management requires being able to keep track of all products and materials as they 
are stored, retrieved, and transported. In order for this to happen, the operations of the warehouse 
must be supported by an effective IT infrastructure. Siemens utilizes SAP, an enterprise resource 
planning software, in order to support all of their major business functions. Many of the issues that were 
encountered throughout this project were, in one way or another, related to SAP. The Siemens/VAI 
Metal Technologies facility that our project dealt with was divided into two businesses: long rolling mill 
(LRM) projects and metallurgical spares and service (MSS). In SAP, inventory utilized for LRM contracted 
projects was labeled with plant code 7000. Inventory for the MSS (aftermarket service and repairs) 
business was labeled with plant code 7001. The plant codes in SAP represented virtual plants that 
inventory was assigned to. For many years, inventory for MSS was stored at both the Crescent Street 
plant in Worcester as well as another facility in Auburn, Massachusetts. The warehouse in Auburn 
stored parts for certain product lines such as guides, tapered sleeves, and recon roll Housings. In 2001, 
the warehouse in Auburn was closed and all of the inventory was moved to the Worcester location 
(Operations Manager, March 23, 2015).  
Siemens utilized these two plant codes in order to differentiate between inventories that supported two 
completely different demands. Production for projects is supported by material requirements planning   
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(MRP) and was thus driven through dependent demand. Demands for aftermarket repair and spare 
parts, however, were independently driven. Two virtual inventory plants, two different demands, and 
one physical location. This two-plant system caused a lot of excess inventory as a result of rushed or 
canceled purchase orders. In addition to this, the team also found that there were some misaligned 
technical settings in SAP that caused inventory transaction issues between the two plants.  
4.3 Rationale 
After analyzing the overall value stream for the Roll Housing Assembly, the team (along with Siemens) 
determined that there were two viable methods for achieving the 25% lead time reduction goal. The 
first method was to conduct lower-level process improvement activities in order to drive out waste in 
the production processes. The second method dealt with researching inventory management strategies 
with the hopes of finding best practices that could be applied to Siemen’s inventory management 
policies. Developing effective strategies for Siemens would not only help to optimize inventory levels, 
but would also help Siemens to cope with variation in supplier delivery lead times. Initially, it was 
believed that some of the raw materials within the Roll Housing Assembly were not always kept readily 
available in storage. As a result, the initial plan of action taken for the project was to investigate the 
policies for parts with high lead times and costs that were critical to the Roll Housing value stream. 
Through this investigation, the group would hope to analyze supplier relations and identify key target 
suppliers that Siemens could re-evaluate.  
At the time, this seemed like a viable direction for which to steer our project. After reviewing the project 
plan with the Siemens team, it was determined that analyzing supplier relationships to improve 
purchased raw material replenishment lead times was not feasible. From the inventory management 
perspective, the focus of the project shifted into analyzing excess inventory, safety stock levels, and 
redundancy in inventory storage. With this new approach, our efforts were now concentrated on trying 
to save Siemens money by proposing changes to their current inventory policies with hopes of reducing 
inventory holding costs. The scope of this analysis only included purchased raw material and not work-
in-progress or finished goods inventory. 
4.4 Methodology 
The results of the Pareto analysis conducted at the beginning of the project determined the scope of the 
inventory management portion of the project.  The 19 assemblies for this analysis, shown in Figure 7, 
were chosen based on their high demand frequency and criticalness to the Roll Housing value stream. 
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 Figure 7: Pareto Chart by Part Description 
In order to better understand the nature of the parts within the scope, the team decided to create an 
informative dataset of all the part numbers and relevant attributes. Microsoft Excel was the primary tool 
used to facilitate our data analysis and organization of our part dataset. The bill of materials (BOM) for 
the 19 assemblies were extracted from SAP and exported into multiple Excel files. All of the BOM 
workbooks were consolidated into one master list of parts. By removing duplicate entries, this list was 
further condensed into a final list of 565 unique part numbers. These 565 parts represent all the part 
numbers (from raw material to finished assembly) that serve as the analytical basis for the project. In 
addition to part numbers, the team was also able to obtain information on lead time, cost, yearly 
demand, and inventory data from SAP for the parts in scope. The group utilized the “VLOOKUP” function 
in Excel to extract attributes of the individual parts from the workbooks to put all part characteristics 
into one master table. A snip of this table is shown in Figure 8. 
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 Figure 8: Master Excel File 
The team’s analysis was started on this compiled spreadsheet. With no defined end deliverables, the 
first step was to look at unique characteristics of the inventory. A notable characteristic was that within 
the master spreadsheet there were two plants codes listed: 7000 (LR/Projects) and 7001 (MSS/Spares). 
The team noticed that a number of part numbers were listed twice, once in each plant code. Other traits 
that were looked at were in house versus out of house parts, vendor managed parts and parts with long 
days in bin. The team decided to focus on the inventory management processes, such as safety stock. 
The original plan was to divide the compiled part list into “bins” based on lead time, usage, cost, 
criticalness.  The team would then assign each bin an inventory management strategy to best fit that 
grouping’s characteristics.  
The attempted implementation of this method led to several generalizations. There were too many 
characteristics not taken into account by the bins that the inventory management techniques could not 
be applied to all parts in that grouping. The number of simplifications being made greatly decreased the 
value of this deliverable and its usability. In order to produce something useable, the scope of the 
inventory management project needed to be narrowed. Two of the “bins” were chosen as the main 
focus: parts with no demand in the past year that had inventory in stock and parts with long lead times 
and high demand. These two part groupings represent both excess inventory to the company and parts 
that would most likely delay a project and would benefit the most from established safety stock levels. 
Additionally it was decided that further investigation into the overlap between the two plants held much 
potential for improvements. The inventory management portion of the project was broken into three 
subsections: excess, safety stock, and overlap.  
4.4.1 Excess Inventory 
The first issue investigated was the excess inventory. The master excel sheet was sorted to show parts 
with the highest days in bin. The list was cut off to contain parts with days in bin over 188 days – the 
original quoted lead time, with the cut off list encompassing 10% of all parts in inventory. The new list 
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was then filtered to show parts with zero demand in the past year. The filtered table is shown in Figure 
9.  
 
Figure 9: High Days in Bin, Zero Usage 
The total cost of this excess inventory came to over $82,000. This cost is essentially a loss for the 
company. The manufacturing financial analyst was interviewed to further investigate this excess 
inventory. From this interview it was discovered that Siemens had been making great effort to reduce 
their excess inventory. In the past four years Siemens has reduced their excess by five million dollars. 
Unfortunately the majority of this reduction effort was through scrapping excess - not solving the root 
cause. Only a fifth of the excess reduction was from proactively fixing problems. Common causes of 
excess included engineering and sales order changes and lack of global knowledge of SAP functions. 
4.4.2 Safety Stock 
Several interviews were conducted with the master scheduler, the business manager of spares and 
guides, and the operations manager to gain a better understanding of the current safety stock 
conditions at Siemens. Safety stock for the two plant codes was managed separately, each with a 
completely different approach. The safety stock levels for LRM/Projects were established several years 
ago and had not been adjusted since.  There was no set methodology or mathematical formula used to 
calculate these levels. Instead, the levels of safety stock for LRM were determined by looking at 
historical demand data and coming up with “eyeball” estimates. Conversely, MSS/Spares followed a 
precise formula to calculate safety stock. The equation is shown below: 
 
𝑆𝑆𝑇𝑇𝑜𝑜𝑆𝑆𝑇𝑇𝐷𝐷 𝑆𝑆𝑇𝑇𝑇𝑇𝐴𝐴𝑊𝑊 = 𝐷𝐷𝑇𝑇𝑌𝑌𝑇𝑇𝐷𝐷 𝐷𝐷𝑆𝑆𝑠𝑠𝑇𝑇𝐶𝐶𝑌𝑌 ∗ 𝐿𝐿𝑆𝑆𝑇𝑇𝑌𝑌 𝑇𝑇𝑌𝑌𝑠𝑠𝑆𝑆 ∗ 𝑆𝑆𝑇𝑇𝑜𝑜𝑆𝑆𝑇𝑇𝐷𝐷 𝐹𝐹𝑇𝑇𝐴𝐴𝑇𝑇𝑇𝑇𝑆𝑆 (1.95)  EQ (4) 
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The MSS safety stock levels were carefully monitored in order to keep customers satisfied with short 
lead times. Despite the specific formula, MSS expressed that they were not satisfied with the current 
approach to safety stock. 
4.4.3 Minimizing Inventory Redundancy 
During the analysis of safety stock and excess inventory, the team found that Siemens utilized two plant 
codes within their SAP system – 7000 (LRM/Projects) and 7001 (MSS/Spares).  While technically 
separate, the two plants shared the same location and many part numbers. There was both overlap in 
the safety stock levels and in inventory on hand, samples of the overlap found are shown in Figure 10 
and Figure 11 below.  
 
Figure 10: Safety Stock Overlap Excel 
 
Figure 11: Inventory Overlap Excel 
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The biggest separating factor between the two plants was that they operated financially independent of 
one another. A visualization of the current plant setup is shown below in Figure 12. 
 
Figure 12: Current Plant Visualization 
This divide led to communication issues between the two plants in regards to shared parts and 
inventory management processes. Operating with a dual-plant system under one physical roof led to the 
accumulation of excess inventory. The graph showing the cost accumulated by safety stock in both 
plants can be found in Appendix F. The separate inventories created wasted time and money spent on 
rushed purchase requisition orders. With the help of the Siemens management, the team proposed a 
master plant (7002) that would manage all safety stocks for the two plants. A diagram of the proposed 
inventory plant setup is shown in Figure 13. 
 
Figure 13: Proposed Master Plant Visualization 
Combining plant codes and sharing their corresponding safety stock levels could provide many benefits 
for Siemens. First of all, it would reduce inventory-holding costs by lowering the total safety stock 
needed for part numbers shared between the two plants. Due to LRM’s stochastic demands predicting 
safety stock levels is difficult, but combining their forecast estimates with MSS’s normal demand 
distribution safety stock levels The higher accuracy in safety stock levels would also help to reduce the 
impact of the variability of demand on manufacturing operations.  
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The team decided that the best way to prove that combining the plants would save money was to 
actually calculate the savings. First, the team calculated the current safety stock costs, shown in Table 5, 
using the complied safety stock excel file. 
 
Current Situation Cost 
7000 $       544,039 
7001 $    5,397,420 
Combined $    5,941,459 
 
Table 5: Current Safety Stock Costs 
Next the team researched safety stock formulas to try to find one that best fit Siemens’ variable 
demand. In the end, the team decided to use the formula currently in practice by MSS to demonstrate 
the potential savings. By taking the previous demands and lead times for all items overlapped between 
the two plants new combined safety stock levels were calculated. The combined safety stock levels were 
calculated at four different service levels.  Table 6 shows service levels and their corresponding z-scores 
(Chase, Jacobs, 2013). 
 
 
Table 6: Service Level Values 
With LRM's outdated safety stock levels, their current levels do not reflect what they should be set at. If 
the safety stock levels are calculated using Spares’ preferred 95% service level, the cost of the safety 
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stock increases because the safety stock levels would be much higher than their current numbers.  At 
any lower service level, the company would save money by combining safety stock levels. The team’s 
calculations of potential savings based on service level are shown in the Table 7. 
 
Service 
Level 
New Cost Difference 
Percent 
Savings 
85 $ 4,670,172.92 $ 1,271,286 21% 
88 $ 5,074,322.50 $ 867,137 15% 
90 $ 5,747,905.13 $ 193,554 3% 
95 $ 7,409,408.96 $ (-1,467,949.96) n/a 
 
Table 7: Proposed Safety Stock Solution 
4.5 Results 
The deliverables for the inventory management portion of the project were atypical project 
deliverables. Rather than an end objective, spreadsheets were created during our analysis and 
suggestions were developed throughout the course of the project. These deliverables are especially 
valuable because they pave the way for further improvement and building blocks for future projects. 
4.5.1 Deliverables: Spreadsheets 
Several useful spreadsheets were created over the duration of the project. Early on after the scope was 
determined, a condensed spreadsheet of all parts from the most popular assemblies was created. The 
part’s attributes were included in this table. This table has and will prove very valuable for later analysis. 
From this master spreadsheet sub-tables were created for parts with specific attributes. The table was 
filtered to create a table for excess parts: parts with inventory on hand but no demand in the past year. 
This table will be helpful for Siemens’ inventory reduction efforts. The table was also filtered to create 
list of parts that would benefit the most from established safety stock levels. These were parts with high 
demand and long lead times. This new table will be useful when new safety stock levels are established.  
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The most useful spreadsheets that were created were for overlapping inventory between the two 
plants. Based on the master table of unique parts the 19 assemblies in scope had 271 parts with 
overlapping inventory in stock. Figure 14 shows a diagram representing the overlap. 
 
 
Figure 14: Inventory Overlap 
 
The safety stocks for the two plants also had overlapping parts, repetition was found across the three 
safety stock workbooks, with 82 parts having separate safety stock levels in both. A diagram of the 
overlapping safety stocks is shown in Figure 15. 
 
Figure 15: Safety Stock Overlap 
These spreadsheets are useful in doing financial analysis on how much could be saved by combining 
inventories. The team applied the Spares plant’s safety stock formula to the combined demand of the 
overlapping parts to calculate the percent savings at different service levels. 
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4.5.2 Deliverables: Suggestions 
Over the course of the project several areas of improvement were identified. The most basic of these 
improvements was in regards to the SAP system. It was concluded that additional SAP training or 
workshops would be beneficial, to those who use it, gain a better global understanding of the program. 
At the moment, employees understand their portion of the program but not how their part affects 
others, which often causes problems later in the process.  Additionally, there are two technical errors 
and settings that should be changed, the biggest of which deals with part’s “days in bin.” When a part is 
moved between the two plants its assigned "days in bin" and the value resets to zero, eliminating FIFO. 
This is a problem because there could be very old inventory sitting in stock and no one would know. At 
the moment many employees have access to many areas of SAP, creating the potential for them to 
affect functions outside their department. The access setting should be changed so that employees can 
only access their functions to reduce the potential for human error. 
Another area with great potential for improvement was in inventory management. Throughout the 
course of the project the team interviewed many individuals to understand the inventory management 
process at Siemens. It was found that there was not a specific person assigned to be in charge of 
Siemens’ inventory. This is a problem because at the moment there is no one responsible for 
maintaining and updating safety stock levels, monitoring excess or keeping track of which plants have 
what inventory. With the proposed combined inventory, it would be essential to have someone solely 
be in charge of this new master plant. This person would handle all moves and transactions between 
plants, establish and revise safety stock levels, and take the lead on all inventory reduction initiatives. 
The biggest suggestion the team came up with in terms of inventory management was the consolidation 
of the two plants safety stocks. By combining the two plants’ overlapped inventories Siemens could 
more easily manage their inventory. There would be less potential for the creation of excess and safety 
stock levels would be more accurate, reducing costs for the company. 
4.6 Inventory Management Conclusion  
As a conclusion for this project, our team was able to provide Siemens with inventory management 
strategies that they could pursue in order to reduce their inventory holding costs and frequency of 
rushed purchase orders. We also provided some valuable insight into areas for potential improvement 
within the manufacturing operations of the Roll Housing. One of these major areas regarded their 
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enterprise resource planning software SAP and improvement of technical functionalities and 
communication across the entire plant. 
4.6.1 Limitations 
Although the proposals seemed like a great improvement opportunity, it was realized that the 
recommendations were subject to some limitations. One of the hardest aspects of this project dealt 
with figuring out how to provide Siemens with a physical implementation of the suggestions. As 
mentioned before, due to the team’s limited manufacturing experience, physical process change was 
not implemented.  
Over the past couple of years, Siemens has seen a significant shift in demand for their LRM/Projects 
business. The demand fluctuation was partially due to the economy and partially due to some corporate 
restructuring that Siemens experienced a few years after the recession. Most of the analysis that was 
conducted depended on the accuracy of Siemen’s annual demand for previous and future years. When 
calculating appropriate safety stock levels, it is important to take into account future sales and orders. 
Unfortunately, Siemens was not able to provide the team with any type of forecasts for the demands of 
the 19 Roller Housing assemblies within the scope. This was a significant limitation for the project in 
terms of being able to provide valuable mathematical and numerical analysis. The team had to make 
some assumptions in order to compensate for the lack of future demand data. Past year’s (2013) 
demand information was utilized as a substitute for the 2015 information. This substitution was 
sufficient enough for the analysis and provided some validity to the inferences that we were able to 
make.   
4.6.2 Recommendations 
The following sections explain the team's suggestions and recommendations for reducing inventory 
holding costs and streamlining the inventory management system currently in place.  
4.6.2.1 Consolidated Virtual Plants 
Creating a consolidated virtual plant code that could merge the gap between the spares and projects 
businesses would not only benefit Siemens financially but would also help to streamline their policies 
and procedures. As mentioned before, this strategy could save Siemens anywhere from $200,000 to 
$1.2 million dollars (rounded) in inventory material and holding costs. This amounts to between 3% and 
21% savings depending on the service level that Siemens decides to maintain. In addition to this, this 
new structure would drastically reduce the frequency of rushed purchased orders. Leveraging these 
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combined safety stock quantities would help Siemens deal with fluctuating volume of demand for all 
their product lines.   
4.6.2.2 Inventory Optimization Software 
As a result of this study, the group suggested that Siemens invest capital at the plant level or leverage 
corporate resources in order to purchase inventory optimization software. This software could be 
acquired as a standalone or as an additional function for SAP. During the research phase of the project, 
we came across multiple sources that hinted at inventory management software as a solution to many 
of the problems that Siemens faced with inventory. SAP has inventory optimization packages that could 
be added to the current infrastructure at Siemens, however Siemens has strayed from this option 
because of its high cost (Operations Manager, March 23, 2015. This software would allow Siemens to 
calculate optimal levels of inventory and safety stock. It would provide flexibility when dealing with 
fluctuating demand patterns across both businesses (projects and spares). Ideally, it might be easier to 
just increase the capability of SAP rather than to acquire independent software that might not integrate 
or communicate well with SAP. Due to time constraints with the project, the group did not conduct 
further research or perform a sophisticated analysis on third-party inventory management software that 
could benefit Siemens.  
4.6.2.3 Future Studies 
Throughout the course of this project, the team was able to identify various opportunities that future 
WPI MQP groups could focus their efforts on. As mentioned above, it might be useful for future groups 
to research popular inventory optimization software programs used in industry and conduct a cost-
savings analysis for each viable option. In addition to this, it would also be valuable for future groups to 
do a project with Siemens’ sales department. The scope of this project would be to study future demand 
variation and develop proper forecasting techniques. The work done in this area would be extremely 
beneficial towards future attempts at recalculating safety stock levels for the LRM/Projects and 
MSS/Spares businesses. Last but not least, a future project should definitely explore the Siemens Roll 
Housing supply chain and evaluate supplier relationships. The focus for this type of project would be to 
reduce delivery lead-times by developing Just-In-Time inventory management principles for all Siemens 
suppliers.   
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5 Project Reflection 
Through this project, our group learned a very valuable lesson; understanding the importance of 
employee culture and the impact that culture has on the implementation of a process improvement 
project. In order to have a successful implementation, all stakeholders involved have to be fully invested 
and aligned with the goals of the project. This includes manufacturing operators/associates, supervisors, 
leads, as well as mid and upper management. Including all parties involved will not only guarantee an 
effective implementation, but will also help sustain a lean operation in the long run.   
During this project, our group was able to gain valuable first-hand experience that exposed us to various 
aspects and areas of working in a manufacturing environment. Our team took more of an outsider-
consulting role with this project and contributed by identifying areas for potential cost and lead-time 
savings. Our group was also able to produce a value stream map and kaizen burst opportunities that 
could be implemented by future groups.  
The secondary purpose for this project was to create the foundation for future groups to continue 
helping with the reduction of Roll Housing total assembly lead time. This project will be an ongoing 
venture between Worcester Polytechnic Institute and Siemens Metal Technologies (now officially 
Primetals) and it is important that the findings from each project be properly transferred from year to 
year. Our group performed a lot of the initial research and process background, which will save future 
groups time when they are conducting their projects.  
While this project may represent the end of our education at Worcester Polytechnic Institute, we 
recognize that we will continue to expand our Industrial Engineering expertise upon entry to industry. It 
is essential to stay up to date with modern practices related to our field and commit to the engagement 
of life-long learning.    
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7 Appendix 
7.1 Appendix A: Pareto Chart 
Pareto Chart by Descriptions 
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7.2 Appendix B: Routings 
LRM 10351979 
 
 
LRM 10351978 
 
 
LRM 10075536 
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 LRM 10553631 
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7.3 Appendix C: Process Maps 
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7.4 Appendix D: Value Stream Maps 
7.4.1 Housing Box VSM 
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7.4.2 Front Plate VSM  
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7.4.3 Machining Assembly VSM 
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 7.5 Appendix E: Metric Averages 
Metric Averages Table 
Final Metric Averages (Ready for VSM) 
Workstation Avg. Setup Time (Hrs) Avg. Run Time (Hrs) Avg. Queue Time (Days) 
HH40 2.2 3.5 6.6 
DD4G 1.5 3.8 4.9 
HMC6 3.0 11.1 11.4 
2000 0.0 0.0 20.8 
WW3P 0.6 1.4 8.2 
A71M 0.0 6.9 9.9 
HMC5 3.7 14.2 2.4 
WW4V 2.1 4.5 9.1 
L74R 0.1 1.2 4.8 
Q34R 0.0 0.0 4.3 
A84M 0.0 2.1 2.8 
Q34F 0.0 0.0 3.3 
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7.6 Appendix F: Inventory Overlap Cost Chart  
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7.7 Appendix F: Safety Stock Overlap Cost 
SS Costs for 7000: $544,039 
SS Costs for 7001: $5,397,420 
Total SS Costs: $5,941,459 
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